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for indexing decisions is ¢onsidered ard-analyze
A

*Abstract Ll 0T .
. \ ? )
L, " The retrieval decision problem is corisidered from the viewpoint of
. N i \ 'A o
. . ] ‘
[ * a decision theory approach. A threshol&\rule based on earlier rales

'\\ 4

drfpr‘retrieval decisions

3

as’a measure of retrieval perfa}magce. “The threshold rule }s seen as a .

N

~ : should be able to do. A retrieval mecﬁanism o
‘

randomly dr;wing docu

.
.

- -,

‘/

- '7nmnts is aMalvze to determine the relative strength Bf the threshold

rule.

- .

4 - LV “', .
' rale ‘for retrieval; attempting to maxXimize precision subject to a fixed

v

| . .____does the threshold rule._ The  threshold ru

’

but not sufficient, condition for effective retrieval. F&nally, a-

'sufficient condition for the threshold rule illustrates thé\relétion-

. -

~ship between it and the Neyman-Pearson rule.
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"Introduction Ty . ! '

Consider the décision of whether or not to retrieve a given\document

- .-
P v

in response to a specific

user query for information. This approa

. e .
-information ‘J’rgtr‘ieva'l systems has been discussed in detail previousl

EL, 2, 3] The basic model is illustrated*below in Figure'l.
. . . .

Here Qne\
i R . ’ A
e can see the alterna}ives: to retrieve or not to retrieve; the states-of- -
. ot . . ’. .
' nature: relevant-or nonrelevant; and the evaluattons: '* *
. : ’ . Y . . . ..
‘ ’ Vl = the value of. retrieving aurelevant'documenth . - )
. #
—C1 = the cost of retrieving, a nonrelevant document, . *
z ’ -
¢ —Cz = the cost of not retrieving a relevant document, and . -
V2 = the value of not;retrieving a nonrelevant document.

- 4
We ghall assume that value always exce)ads_cost, i.e.,”
- - -

+ S+ , V. + , + s whi ms intuitively L[2).

v C1> O‘ v, C1>‘O vy Cz) 0, and V'2 Cﬂ,} Oy which seems intuitively 2]

B 4 v ’

Assuming that the case Is ©
" d

]
.

G = generality’= ?r(relevar}t){ with G € (0,1).

f decision making under risk, one has’

IS

& .
It has been shown [ 2] , ‘
] -

that.one retrieves -a document if and oniy if 1’;:(A1) =’V1G+ (_-Cl) (1-G)HE (Az)

' !

P = (- + - :
\ N o= C2)G YZ (1-G),, or ) ' |
[ . . . ’
+ +C_+C_+ . .
.. ,G>{v2 C))/ (U +C 4C4V,) . \ , e (1) ‘
. : In order to be_more generally uéefuL consider a zetrieval system that . - -
' RN g " ) : -
- assigns+o each document-a value of 'a random 'va:fe Z, called a rc'et'rieval
i N < ) o
- . b4

, *  status value, that attempts to eitimate the ddcument's poter{ti'al relévance

s

) o + .. - ! . . P
- to a- specific user query {2] We can nd‘ define:” | o .

R .

s pP(z) = Pr (relevance/Z), ’ . % i . oo
~ N . ' [} A . ’ v‘ : . ! 4 ) ' ~
- & filz) =»Pr(z/re1‘evag1ce), N : Lo . : - ] . - '
| -0 f2 (2} '= Pr(Z/nonrelevance), » X ~‘.\ T R P
SYTL Y £(@) = Pr(@) = £ (2)GHE,(2) (1-6), and '1 T . . N
] l N 3 . " * . . ' - [ '5}
. R L(z) = £,(2)/£,(2) = likelihood ratio.. - | , I .
| . . . . i - . .
v © , It can be. shown’ [2]that the decision rule ciictating!| retrieval can now be restated as:
(] . N . . .0 ' .
. ' ' o . * e .7 ';
’ . P R Ve - i . ) »
L] . - . . , ' = 4 .
. * . ' e
ERIC - ’ 6 Co o
. _ . . P o - - e L .
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. . .
/ / A
’ P(2)p(V 4G )/ (V +C1+ﬁzw2)’
e LEDW ¢) (1-6)/ '(vl+c2)c;
This allo&s/éor the definition of - . R
) ~ R = range of 'Z for retrieval =‘{Z LkZ))K}. - e .
. . A . ; - .

/ \ ' .
/ \ —_ .
Evaluatign Mechanism A — .

[ Théretriéval system™tan be evaluated in terms of its effectiveness
L - . - ’
. / . . .

in re’rieving relevant documents. Consider the traditional performance

N , | | gj

‘
. . " .

meagurés: . ‘
[ . ’ 7
\
// Re = recall = Pr(retrievelrel vapgce)="2Z f_(2), : - 3
. 3- 1 .
¢ s i ZeR
" ¢ // Fa = fallout = Pr(retrieve‘n Arelevance)= Z:fz(z), and , .
- C ZeR ) i
Pn = precision = Pr {relev: ‘retrieve) N e
# » ' . b
= ReG/Pr (retrieve) = ReG/(ReG+Fa (1-G)).
) ’ , »
: " The Neyman-Pearson criterion [ﬁ] is =
! ) .
Max (1-Fa) s.t. (1-Re) =X, N\ o
- // ' ' L . ' » .
/ which is equivalent to maximizing precision subject to a fixed level (1-X) of recall.
The Threshold Rule » . A

. _Makon [4] has suggested a rule for indexiqg/débisions that an analbg may have
- LAY N a : N .
applicability here for retrieval decisions. In our terms for the retrieval

e ~ _decision problem,pwe have aé—%hé'analoihaf Maren's rule, the sta{emeﬂta‘

. ' ] ’ i

The act of retrieval should add information about the relevance of )
each document. ‘This translates to the rule that given a ket aqf : -
‘users with similar queries fq{ information.that would be shown &

given document, that document should be retrieved if,the prgportiod‘

. of. the users that would find the document releyant exceeds the
- . probabilitf‘that any -document selected at random wowld be relevant . '
e, ' to the query.\ . . . ,
. ’ : . -7 * ’

"In terms of the retrieval decision model, .the rule implies that
. . \ Pg(relevance,retrieve) = Pn) PQTreléVance) = G.
) ¢ ' . N
s ¥ ¢ f
This formula can be manipulated algebraically to yield:
/ 3 . .

3

-+

.- - (3)

.

- Rg-:'“= Pr(rétrieve[relevance)> Pr (retrieve) = ReG+Fa(l-G), -~ . , (3a), .
- .~/ * ‘, . ‘1 N
g ‘. Pn= Pr(relevance,retrieve))‘Pr(relevancelnot retrieve) . - J(3p) -
; » » ., . € " _ .
- i ' ) = (ljRe)G/(l-ReG—Fa(l—G){fﬁand . . .’

1 N ' ., z . (3¢)
E(2)) Fa =Lt (z) . L ‘ (3c -
ZER : o
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N i . . .
\ .

Note’that th1s threShoLd rule does not seem so much an a priori dec1s1on

=i

{ -
. .t - . N > v

rule to determine,whether or not to retrieve a given document in response tef -

A}
. Y
a specnflc user_guery _Rather, is is an after-the fact descrlptlve design

- -

&
measure to egaluate the Gverall retrieval mechaﬁism, based 4n a ve:y rigorous. .
sense approaah. A . .

‘
- i

and eommon'

. Random Retrieval R ) ' - s .,

. -
. s B

Consider the situation ofEréndomly Hréying a subset.of the documents in

.
. - -

the collection ag an ‘act of retrieval.

’ ] . should provide a baseline for.comparing retrieval decision rqles. Let
., - A ; )
4 N = number of documents i %Ehe collection,
R =

‘number of relevant.doduments in the collectioqy

Y - I3 ! i

n number of documents r domly retrieved, and

. r = number of relevant documents randemly retrieved.

- * ~

at variance with Cooper, [§jl, who assumes that'Nv R, and ¢ are fixed, in a

a . . . N , .
v model”that .considers minimizing {(n-r); the search length. It is noteworthy
— . . \ ’ _
. that this is equivalent to maximizing precision for a fixed level of recall [2].
, 3 ) , X )
Fpy; our situation, we have: . )
= R/N, . 3 "
. ’ . . . *
Re = r/R, ., g - .
Fa = (n-r)/.(N-R), and . . - .
~ Pn ="r/n. - )
- .
In the situation of a random retrieval mechanism, r becomes a random variable
having a hypergeometric probability distribution; i.e., .
. (r) (\,_.5 ( ) 0111271"'Imin'(an)- .
< . S o ’
. This means that - . ‘

. u= E(r) = nR/N = nG. .

]: K . .
! .
s .7 .

. e |

This seemihgly poor method ef retrieval - ‘w

We shalllassume’that N, R, and are fixed ané known{ This, incidentélly, is
» . ,

ETPY SR




s . 1 . 3
The threshold fule, i$ now wriftten as:

Pn =¥/n)»G = R/N, or"

r)&G = u,

B P -
= N
+ d t

» Since the hyPergeorgetric,gi:strilbution is Symmetric around its mean, the

«
. 1

, ' probability that a random ‘draw will satisfy the ﬁl;tre 1d rule, which is

. - .,

the equivalent to the probability that a hypergeometric random variable
Ve i '_ - . . - .
exceeds its mean, its approximately équal to one-half. :I‘hué, the thres- ¢

- .
. 3 ——

hold rule is not' an especially strong discrimin:at;ing decisjion rule fot *
“ ™ . " .

1

retrieval, in that even & random draw of documents can satisfy it neatly
' ’ - : v

half the time. This implies that the threshold rule is a minimum re-
qﬁiremen for retrieval systems,: i necessary Bﬁt not suff.icient conditibn
* e ' . \

for effedtive retrieval. . . ) . -,
. . <,
]

Sfippose we assume.that n'¢R. Further, supposé that for each of the

.
-’

o

n documents retrieved, therd is a constarmt probability p of the document

3 [ L
being relevant. Then, 'r has a binomgal probability distrib}{tion, i.e.,
N s . 3 .
. Ve . .

. » -
4 Pr(r) {23 pr ‘ (1-p‘)n IX , .= 0,1,2,...,n-. and . R

Ay
"Eb(r.) =mee L ' N

N . IO | - - v
Fer the system to be more éffectiye-ihan a me; random draw, we would

. ¢ . / * . .’i
require S ' ' .

E;b(r)‘;‘f'»np'ku‘ = nG, or
p>G' /

Note that - .

p =.Pr(re«levance‘ retrieve) = Pn, .

i . )
‘so that formula {6) is equiv(lent to formula (3), the threshold rule. .

The tl;u'eshéld rule implies that a retrieval system should be able to
. " . -
- .
generate a’relevant document with greater frequency than a random’draw,

‘which is eminently reasonable.

: Aruitoxt provided by Eic
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The Neyman-Pegrson Rule . | e S . e
NN o
The Neyman-Pearsoh lemma of statistical "decision'theory can be used
L 4 . o . . -

-

’

‘;ﬂ‘to shew that the Neyman-!earsoh criterion,,discussed above, can be

‘/ ~ 2 N - : -
optimized by retrieving all documents with a retrieval status value Z in

.

- the rahge s ' . B ) - o
‘ - . , ‘ o ~ . o . -
I T e
K is now"determlned by the formula y‘ \-' . 4
Zf (z) 1--( S N )
Let us recall that the threshold rule can be stated as . .
o . NN \ \ r
* - } . - . .
’ Re- -S’fl(Z)> Fa =7 f, ). . , (3c)°
. ZER zj% : -
We can now derlve a sufflclent but not necessary, condltlon for the
H } . ;s - y
" threshold rule. If ¢ y & . - ¢ ’ oL . .
= - i, . 2 ‘ .
L L M -f@/nmy Ryl Ratr L . (10)

then the.thréshold rule will ho{d. Equating the constant K of formula

\ ~

"(8) to that of fermula (2) yie#ds: BTN : ’

.- " _ - - _ . i . . . \ i
K = (Vy+C)) (1-G)/(v1-‘c2)c;,; 1, or o, E
G (V,HC )/ IV 4C HCAV,) L S (11)

-
A

Note that formula (11) 1s ]ust the opposite result of formula (1). What

th1s says is that for small enough G, the Neyman Pearson rule will satlsfy
x » -
the threshold rule. This seems reasonable, in llght ot/éormula «(3). For

s

large G tﬁ_%bi;yatlon 1s dependent upon the vglue ofctand the speciflc

values of fl(Z)‘and fé(z) for the'various Values of Z £R. In point of
D SN * o ,‘: .

fact, it would be a most perverse retrieval system that would satisfy

. the NeymadEPearson‘nule but ‘ot allow the threshald rule to be szrisfied

for a "reasonable" level of ‘recall. The real differehte here is

- s -

. T - .
Neyman-Pearson ruld maximizes precision sukject to a fixed level of-recall,
N . . . . . ‘ %
.. T . * . P t . .
while the threshold ruleflmppses a minimum level on precision. .

. - N
| » ~ ‘ . !

hat the ';

P
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Summary and Conclffsions
] .

v

’ )
A}
. M 13 .
infermation retrieval systems.
- .

. . t - ]
meaéﬁze of what:a reasonable retriev?l mechanism should be able

1 [
. v

Yet, the threshold ru{; is not seen as an espeCially

1 - v

‘accomplish.
‘N .

- 'y

the rule‘can be satisfied nearly half the time by a random draw.’

The threshold rule can be aqﬁlyzeﬁ in térme of the retrieval dec1*

) siop medel , derived from*

-

Pearson rule, the threshold rule is

e . -

A threshold rule has ‘been analeea ds a useful toql.to evaluate

It provides a goqd descriptiJe design

, . ’

B “w'

’

strong discriminating rule foyg a priori~retrieva1 decisiéns, éince--

4

B l

3

e assu.mptipns for the bimeomial proBzibility

" S
, . o E 2 . “ :
distribution case of the random draw.

when éampared to the Neyman—

i
not seen as haVing the ability

l ® 1

tq\compute ‘the extent to which precision can be maximized

Neyman Pearson rule is shown to be a bgtter a priori deCiSion rule |

-
¢

i
for retgleval.

z

condition for the.threshold rule, for appropriate

» ¢, . - ]
Thus the threbhoid rule provided.a necessary, but

a ) v

’

measyge of the least a retri”é’Val systen; should be

The ’1 3
. ' 'v

.

\

\n

Moreover, the'Neyman~Pearson rule is a suffiCient RS

not sufficient,

.,

able to achieve.

v %
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